The formation and evolution of large-amplitude coherent structures play an important role in describing the nonlinear dynamics of plasmas [1] , [2] . Since 1957, it has been well-known that collisionless plasmas can support nonlinear traveling electrostatic waves, i.e., the Bernstein-Greene-Kruskal (BGK) modes [3] . Bell [4] and independently Lutomirski and Sudan [5] have shown that collisionless magnetoplasmas described by the Vlasov-Maxwell equations can also support nonlinear traveling electromagnetic whistler waves, i.e., large-amplitude slow electromagnetic waves propagating parallel to the magnetic field. The formalism of the previous authors [4] - [7] utilizes the Lorentz wave frame so that only the slow (whistler) wave solutions with phase velocity less than the speed of light are obtained.
In this Letter, we present a class of exact large-amplitude traveling-wave solutions to the fully nonlinear Vlasov-Maxwell equations describing a one-dimensional collisionless plasma in an externally applied magnetic field, Boe (with Bo = const). By applying a canonical transformation rather than a Lorentz transformation, we develop a formalism that can be used to analyze in a unified framework both fast electromagnetic waves and (slow) electromagnetic whistler waves propagating parallel to the magnetic field. We show that these waves are (transverse) electromagnetic and are complementary to the (longitudinal) electrostatic BGK modes. The results of this paper provide a basis for studies of the (nonlinear) interaction of an intense coherent electromagnetic wave with a magnetoplasma or a relativistic electron beam gyrating in a guide magnetic field. With regard to the interaction of an electromagnetic wave with an electron beam, these studies include mode competition [8], [9] and the nonlinear evolution of absolutely unstable modes [10] in coherent radiation sources powered by gyrating electron beams, such as the cyclotron autoresonance maser [11] , and the stability properties of a spatially and temporally modulated, gyrating electron beam [12] generated from the cyclotron resonance accelerator [13] , [14] .
We seek exact transverse traveling-wave solutions to the fully nonlinear Vlasov- To solve the nonlinear Vlasov equation (1), we first find the constants of the motion of an individual electron in the self-consistent electric and magnetic fields E and Bo,+A.
The motion of an individual electron can be determined from the Hamiltonian
where Ao = Box4y, Boe = V x AO, and the canonical momentum P is related to the mechanical momentum ' by P= y-(e/c)(A + Zo). It is convenient to perform a time-dependent canonical transformation from the Cartesian canonical variables, (X, P), to the generalized guiding-center variables (including the wave), (0, Y, z', PO, Py, P.,) [13] , [15] .
The Hamiltonian in the new variables is a constant of motion defined by 1 wP%
where fl = eBo/mc is the nonrelativistic cyclotron frequency associated with the applied guide magnetic field Boe,.
It follows from Eq. 
which determines formally the self-consistent relationship among the wave quantities k,
w, and a for an arbitrary distribution function of the form f(P,,, H'). Note that the
Hamiltonian H' in Eq. (4) is itself a function of w, k and a. In principle, the integral equation (8) is readily solved with numerical methods.
The remainder of this paper examines the wave characteristics and the structure of the single-particle phase space for a trapped-particle distribution function that is ana- It should be emphasized that Eq. (11) is valid for arbitrary phase velocities, including the large-amplitude (slow) electromagnetic whistler wave (with Iw/cki < 1) studied by previous authors [4] - [7] as well as large-amplitude fast electromagnetic waves (with Iw/ckl > 1) which have not been reported in the literature and will be described below (see Figs. 1 and 2) . Furthermore, equation (11) is a nonlinear "dispersion relation"
in the sense that it describes large-amplitude electromagnetic waves whose amplitudes are determined uniquely by Eq. (9) or (10), whereas a linear dispersion relation derived from perturbation theory describes waves with arbitrary (small) amplitudes. Finally, it is easily shown that Eq. (11) has three real w roots for any real value of k. Finally, it is instructive to examine the structure of the single-particle phase space described by the Hamiltonian H'(4, PO, P,). For given nonrelativistic cyclotron frequency 11 and self-consistent wave parameters w, k, and a, the phase space can be parameterized by the two constants of motion, P,, and H'. The constant-H' phase plane (0, Pi) is plotted in Fig. 3 for the fast wave branch with w > 0 shown in Fig. 1 . The parameters used in Fig. 3 are: ck/f = 3.0, w/ = 3.1, and a = 0.2. In Fig. 3 , each curve corresponds to a contour with a constant P, and a fixed value of H' = H'(0, PO, P,,o) = 1.62, but the value of P,, varies from one contour to another. Here, the orbit o = 0 and SlPoo/mcO = 0.11 is a stable steady-state orbit. The bounce frequency, wB, for orbits oscillating about the steady-state orbit (4O, Po) is found to be
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The value of the bounce frequency for the steady-state orbit shown in Fig. 3 Dw/#d)I
